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PART I—PROJECT IDENTIFICATION INFORMATION 
1. Institution and Address 
Georgia Institute of Technology 
Engineering Experiment Station 
225 North Ave.,NW,Atlanta,GA 30332 
2. NSF PI O • IaM 3. NSF Award Number 
ATM-7906109 
4. Award Penod 
From 9/1/79 	To 1 /31/81 
S. Cumulative Award Amount 
$58,636 
6. Project Title  
Reactions and Transport Properties of Atmospheric Ions 
PART II—SUMMARY OF COMPLETED PROJECT (FOR PUBLIC USE) 
The transport properties of several 	parent ions and ion clusters of atmospheric 
interest have been studied in both nitrogen and oxygen over 	a temper'ature range of 
217-675 	K. 
A high-pressure drift tube mass spectrometer was modified so that it could be operate: 
below as well 	as above 300 K while maintaining good temperature uniformity throughout 
the drift region. 	This apparatus was then used to measure the mobilities of N07, NO3, 
CO, 	NO2•11 2 0, 	NO3•H20, 	CO3•H20 and C0:•H20 in N2 	and NO, 	NO3, 	CO3, 	CO; 	and 0-1 in 02. 
These measurements were made under approximately zero-field condition and in the pres- 
sure range 20-45 Torr. 	 . . 	. 
These measurements are needed for atmospheric modeling both in the upper atmosphere 
where the ion mobilities and the diffusion coefficients calculated from them can be 
used directly and in the lower atmosphere where they are used to calculate ion-ion 
recombination rates. 	In addition, 	these mobility values make possible a better 
assessment of ion collection efficiencies in ion reaction rate measurements and 
provide an additional 	physical 	parameter by which ions may be identified. 
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III (e). TECHNICAL SUMMARY AND RESULTS 
(ATM-7906109) 
The present grant period started in September 1979. Several modi-
fications had to be made to the HPDTMS (high pressure drift tube mass 
spectrometer) before the measurements proposed for this period could be 
performed. A gas handling system had to be constructed in order to pre-
pare, purify, and store gases such as NO2 , N 20, CO2 , NO, and H 20. These 
gases are added to the drift gas in the ion source region of the drift 
tube in order to produce specific ions such as NO 2 , NO 3 , CO3, or ion 
clusters like NO 	etc. Typically, they are added in small amounts. 
In some cases, where amounts as large as a few tenths of a percent are 
added, the mobility is measured for several concentrations of these added 
gases, and a correction factor (which is usually quite small), is calculated. 
The HPDTMS has recently been modified to operate at temperatures be-
low 300 K. To permit the cooling of this instrument, eight cooling straps 
were constructed and installed around the drift tube and part of the analysis 
region. Cold methanol is circulated from a temperature controlled cooler 
through the eight cooling straps. The entire system is well insulated, 
and the temperature is monitored by four thermocouples inside and along 
the outside of the drift region. A temperature uniformity of ± 1% over 
most of the temperature range and ± 2% at the lowest measured temperature 
is presently obtainable. 
The present grant made possible the addition of a capacitance manom-
eter to the HPDTMS. This device permits the measurement of gas density 
with greater accuracy than previously attainable and also provides a pres-
sure controlling device and safety circuits (also recently installed). 
These improvements, along with recently developed techniques for the pro-
duction of specific ions, have resulted in measurements of the mobility 
of NO2 , NO3, and CO3 in N
2 
over a temperature range of 217-650 K. These 
measurements have been published in J. Chem. Phys. and reprints are included 
with this report. To the best of our knowledge, none of these mobilities 
have previously been measured, either as a function of temperature or E/N. 














in 02. Preprints of this paper 
which has been accepted for publication in J. Chem. Phys. are also included 
with this report. We do not know of any previous measurements of NO2 or NO3 




as either a function of temperature or E/N. CO3 mobilities in 0
2 
have been measured previously on this same apparatus but over a smaller 
temperature range. The mobilities of CO 3 , C04 and 0+2 in 02 have, however, 
been measured previously as a function of E/N. Details of the relationship 
between these measurements and a comparison of the measured mobilities are 
included in the enclosed paper. 
The remainder of this grant period was spent performing measurements 
of the mobilities of NO2
- 
•H 20, NO 3
- 












function of temperature, none of which, to the best of our knowledge has 
been measured previously as either a function of temperature or E/N. These 
measurements have recently been submitted to J. Chem. Phys. and a preprint 
of this article has been enclosed as part of this report. In addition to 
the data described in the enclosed articles, observation and, in some cases, 
preliminary mobility measurements of NO3•HNO, NO3•(HNO 3 ) 2 , NO3•(HNO3 ) 3 , 
NO2•(H2 0) 2 , CO 3 •(H 2 0) 2 , CO4•(H 2 0) 2 , NO-14, NH4 and 04- ions in pure N 2 or 
0
2 
have also been made. 
